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nmol/20 min | umol/hr
Intl‘O djd Cthn name Volume | SdO xpl0  |/mg of protein | /kg of bw
([ ] [ [ J [ J
“ B. Tissue Distribution “ D. RESPO”S@ ethylparathion 211733 | 21.0083 0.195008 14.575 433
During the | here has b deal of building and inter-relating QSAR and PBPK/PD mod Tissue: Blood partition coeffici ded in PBPK/PD model h nepies o X an s -
urlng.t e as‘o ten years there has been a great‘ cal o .mterest among sgenﬁsta in uiiding an 1nte.r-re ating Q e e mod- 1ssuie: Blo0 partltlon coe .1c1ents are needed m mode’s to .mat. - Bimolecular rate constants, k; (pM™! h™) are used to describe inhibition of the B-esterases dicapthion 183.635 21.0102 0.034021 13.0205 387
els for predicting risk from human exposures to toxic chemicals based on animal toxicological studies (Wilson et al., 1995). This interest recent- ematically describe the distribution of parent compounds and their metabolites in Icholin-. b lcholin- and carboxvl-) by th : P d durine the; boli methylparathion 178.362 20.8231 0 12.6055 374
. . . | ; . (acetylcholin-, butyrylcholin- and carboxyl-) by the toxic oxons formed during their metabolism.
ly resulted in the development of an organophosphorus pesticide exposure and risk PBPK/PD model within the Exposure Related Dose body fluids and tissues (Knaak et al., 1995). In most cases, parent OP compounds : ; L S, fenitrothion 191.229 21.2647 0 12.0671 358
. : : . : : : o ) The rate constants are derived from the reaction of OPs (AB) with 'B'-esterases (EH) to form _
Estimating Modeling (ERDEM) platform (Blancato et al., 2000). The successful use of the model encouraged us to explore the literature for and metabolites are nonvolatile chemicals, lipophilic or hydrophilic in character R R o il el (TTEVA D), o Mol v e (BN ahos Mo oo (TETAT, chlorthion 197.262 21.0958 0 11.7098 348
additional laboratory animal and human PBPK data to apply to assessments of aggregate exposure and cumulative risk. Central to the inter- that readily distribute between blood and body tissues before they are eliminated as shown in Fieure 1 P > PHOSPHOLY : S SR fensulfothion 235.271 11.2542 0.195008 10.6429 316
pretive value of PBPK/PD models is the development and use of predictive QSAR (quantitative structure/activity relationships) models to 1n urine, respiratory air, or via the gastrointestinal tract. SHY - isofenphos 288.228 12.1567 0.270991 9.58757 285
: - : : : o : : i . » = . phenthioate 224379 12.0706 0.092946 9.52866 283
obtam the .parameters needed in PBPK mooels (Wllson et. al., 1995). This review provides mforruat.lon on QSAR modeling, roports the find One method for obtaining partition coefficients involves the use of ultrafilters Fi oure 1 AgedE nzyme Table 7 carbophenothion o7 871 . 0203647 54710 254
Ings of a hter.ature search f01.r physwocueuncal and biological data on new organophosphorus pesticides, and evaluates the quality of the pub- to separate phases (i.e., saline and tissue) after the chemical has been distributed ) ol R e R onagin 188,007 0 0072169 7 64393 7
. * max
lished biological data for building predictive QSAR and PBPK/PD models. (Jepson et al., 1994; Sultatos et al., 1990; Murphy et al., 1995). This procedure kg ks ok, (NMol/20 min/mg of protein fonofos 184.06 0 0.030084 7.17452 213
was applied to only parathion. EHYAB <== EHAB — EA+BH +_>H gH+AOH and umol/hr/kg of bw) using diazinon 231.618 0 0.141059 6.68511 199
2 QSAR equation in Table 6 phenkapton 271.372 0 0.249608 6.66367 198
and values for Structurﬂ\'ﬂ cyanophos 184.064 0 0 6.50191 193
O P S Of IntereSt descriptors in QSARIS™. sulprofos 253.965 0 0.180351 6.26822 186
The bimolecular reaction, k;, is the overall reaction involving the formation of the pho’_ﬂm 250936 0 0.171722 6.26316 186
. - . I : : prothiofos 240.098 0 0.129726 6.03791 179
Thirty-one OP pesticides of interest (Table 1) were 3. Skin. Partition coefficients are [ C M etabOIlC P ath Way Michaelis-Menten complex (EHAB) and the phosphorylated enzyme (EA), where K,, K4, K4, etrimfos 229.16 0 0.099436 6.03048 179
selected on the basis of the presence of aromatic or hetero- el T R0 mradlEls e e k., and k; are related as follows: trichloronat 214.197 0 0.057241 6.01909 179
cyclic rings and not according to regulatory relevance. The cate the transfer of materials (dis- Data are required to construct a PBPK model describing the fate of pesticides. . fenchlorphos 204.906 0 0.027778 5.94782 177
OP pesticides are limited to three classes based on the alkyl- tribution) between skin and blood. OP pesticides undergo oxidative desulfuration, N-dealkylation, O-dealkylation, F igure 2 i i chlorthiophos 252.149 0 0.154745 5.88442 175
phosphorus moiety and leaving group (Kagagi et al., 1995). Jepson et al. (1992, 1994) devel- O-dearylation, thioether oxidation, side group oxidation, and hydrolysis. Water- K=—=K,=— dichlorfenthion 228.139 0 0.072169 3.58036 166
: S - . - k, K, methylbromophos 214.213 0 0.027778 5.46925 162
oped data on the partitioning of soluble hydrolytic products such as the alkyl phosphates are eliminated directly, e 50461 0 0 s 44544 L6
o 5 o o o o0 o o o entnion . .
parathion and paraoxon between while leaving groups with limited solubility are conjugated with glucuronic or k, ~ . dofenh 23 435 0 0.027778 4,995 148
Table 1 : - 1 sulfuric acids prior to elimination (Nigg and Knaak, 2000). Maximum reaction =K, ks =k, o P ' ' '
skin and blood using Millipore . p . 88 ’ : _ K, ethylbromophos 246.255 0 0.086703 4.91965 146
— —= Low Binding cellulose filters (molecular weight cutoff of velocity (V,,ax) and half-maximal (K,,, ) rate constants for the desulfuration of . . . . chlorpyrifos 257993 0 0.086703 460917 137
O\l . , , , . . | . . . Bimolecular rate constants on the 31 OPs of interest were found in the literature for only a
Class 1 Aryl T 10,000) to separate parathion in solution from parathion parathion to paraoxon, chlorpyrifos to chlorpyrifos-oxon, isofenphos to isofen- . : : : :
R:0 = ) , : : : : few of the OPs. Reactivation, synthesis, and aging of B-esterases rates are used in blood, liver
Common Name |R1 R2 X1 X2 b c d e f bound to skin. Human autopsy skin was used by Menczel et phOS oxon, and aZIIlphosmethYI to aZIIlphosmethYI oxon by rat or mouse hver P- and brain to account for the depletion and replacement. Rate constants for agin (k or k+ ) and
Trorton %Zi'h‘il Smiﬂii : 5 ﬂ e al. (1983) to determine partition coefficients for malathion 450 1sozymes are limited to the few OPs shown in Tables 3 and 4. I P P ' : elng (Ka 4 Table 8 B. Inhibition rate constant, ki : Zerba and Fukuto (1978) exam-
wvanonhos—TovemTovemi TS 5 . T B T : .. . ) reactivation (kg or k,3) of the phosphorylated enzyme are shown in Table 5 e e ies of ethvl e AN
o e Toier TS s < 1 between epidermis-rich (2.72), dermis tissues (2.74) and inner med the efiects ol a series ol ethyl a-Cyanobenzaldoxime IN,IN-
:z:ii?;?;ihnos gm::m gmztgz: 2 8 ﬁl E N%z CCIEI|3 : skin (1 70) with aqu.eous b.Uﬂ‘CI'. Skin blndlng deoreased 2-fold Table 8. Structures of Phosphoramidates and Bimolecular Rate Constants dlalkyl p hOSp horamidates ~ on jbovme erythrocyte acetyl-
fenthion OMethyl __[O-Methyl | S 0 T H_| scHs | chs | H when dialyzed against simulated plasma. Reifenrath et al. Table 3 Table 5 for the inhibition of Bovine erythrocyte AChE. cholinesterase (BAChE). The basic structure of these phospho-
i - : x N | : ] 1 T 1 ] 1 T -1 . . . . . .
oo T 16 Tl e (1991) studied the effect of varying partition coefficients R T T B e ramidates is given below, with their substituent groups (R, Ry, Y
bromophos-ethyl | OEthyl {0ty | S 0 cl H > _L o 1A raoxon and parathion) on percutan netration and th Table 5. Rate Constants for Aging and Reactivation of ChE in h lasma. 1 H | H H [0 ] 17xI0° 8.23 (M min! i
SHiorthiophos —TOEMy T TS S = —tor T 1o (paraoxon and parathio ) 0 .pe outa .COH.S po etratio .a d the Table 3. Desulfuration (P=S to P=0) of Parathion to Paraoxon by Rat Liver P-450 isozymes. able 5. Rate Constants for Aging and Reactivation o in human plasma : — I 2 0 - i 0 523 and X) and k; (M™" min™") values in Table 8.
dichiofenthion | OEthyl __|O-Ethyl | S 0 cl I cl H | H extent of dermal retention in pigskin, in-vivo and in-vitro. [ Aging [ Aging [ Reactivation | 3 T T T ol 9exio 508
fensulfothion | OEthyl O-Ethyl [ S 0 H H [s=0CH3| H H ! . . . Vinax Pesticide groups r 5 q 2 ' 5 ' Y CN
varathion-ethyl |OEtnyl _ |O-Etyl | S o H A | ~oz | A | H Airflow over the skin surface significantly increased evapora- a : Vimax/Kam k. (h") x 10 t12 (h) ke (K x 10 4 H | nPr H | 0| 50x10 5.70
fenamiphos | NHisoPropyl | O-Ethyl | O 0 H H | scH3 | H | H . - o - - Enzymes Source eellio] 7 Ko, pM ratio Reference(s) S H | iPr H 0 1.6x 10° 5.20 CH3CHO i |
oonphos —TNisoPropy [0ty TS o tooom T T T+ tive losses for parathion, while increasing the applied dose of of bw"” Wallace and lsfmm Tt‘;mperature - - — c [ [ B[ W [0l 20x10 230 “P-O-N=C X
prothiofos Sn-Propyl  [O-Ethyl [ s 0 Cl H cl H H g 2 : 9000 t Rat Li 135.9 10.2 13.3 1-methoxy - : - 7 Me | Me H o 1.2x10 4.08
o o 2 2 o o I L parathion and paraoxon from 4 to 1000 pg/cm?, resulted in a g supernatant at Liver Dargan, 1987 di-cthoxy | g¥ 339 NC T o T v T o To T Toxir =08 R1R2N
trichloronat Ethyl O-Ethyl | S 0 o] H Ci o | n : is. o Ma and thoxy, phenyl 1.9¢ 37.4 0.61¥ 9 H Et Cl 0 35x10° 5.54 : .. : .
- S~ lower percentage in the derru1s The more water solub!e P450 mix Rat Liver 95.2 0.35 272.0 Chambers, TICLIOXy, PAclly y ) o T o To T 5o 5 Using QSARIS™, the training set is very well described by
R,0 Ethoxy, ethyl 0.26 266.5 NC
N g paraoxon penetrated the dermis better than the hydrophobic 1994 e " N T 1T 51 B | ~No. Tol 82x10° 501 - - - - o
p— %, Ethoxy, thiopropyl 7.1 9.8 0.66 2 2 X - the regression equation and is statistically significant. However.
Class 2 Complex R0 \—/ parathion. PASO mix Rat Liver 6145 179 14 Norman et al., Body Temperature 12 H Et MeO | O 8.4 x 10 4.92 v , ’
phenthoate OMethyl | O-Methyl | S ] SCH-OCOEt| H H H H H : ' : 1974 di-methoxy 12 5b 5 5 301" 13 H Et Me 0 1.7x 10° 523 cross-validation showed the constructed model is unstable and
Eﬂf,ziﬁpton SER: 85:35: o - i i The absorption, metabolic, tissue partitioning, enzyme P450 mix/age related | Rat Liver 53.5% 23.8 2.20 Agfrb%% ct di-ethoxy 5.5 12.6 NC gog’g;;o-“i“:?’g’; :9135:‘:2*)‘1’5 ;(115;01* g;]‘; +2327-7014*M"XHP+135-189 therefore the predicted values of log k; should be used with cau-
tetrachlorvinphos | OMethyl | O-Methyl | O | OC=CCIH Cl H Ci Cl H inhibition. and r arameters required for PBPK/PD : Ethoxy, thiopropyl 15.45" 4.5 1.48" r =09,n=15F=249.J Cross validation —- L . . . . . .
chlorfenvinfos | OEthyl O-Ethyl [ o [ oc=cciH H H Cl H Cl bifio ’ ,d eo overy p CIets requ e P450 mix Rat Liver 301.9¢ 9.0 335 éﬁ?ﬂ?yl%%j Slerres: g, 1098, Source: Zerba and Fukuto, 1978 tion. Progresswe increases in the size of the amido alkyl sub-
carbophenothion [OEthyl  [O-Ethyl [ S | SCH2S H H ¢ H TH models are given in Table 2. = 396 3 03 : di-methoxy (naled, 300-76-5); di-ethoxy (triazophos, 24017 -47-8) stituent resulted in a decrease in anticholinesterase activity.
fonofos Ethyl O-Ethyl S S H H H H H call - - - methoxy, phenyl (leptophos oxon, 25006 -32-0); ethoxy, ethyl (fonofos, 944 -22-9)
temephos OMethyl O-Methyl | S O H . H S'A;W H . H Table 2 a/ Male rats were used. Sthof)‘y’ thiopropyl (prothiofoxon, 38527 -91-2)
RO u _ d *Literature values converted to umol/h/kg of body weight (47.5 mg of microsomal protein/ g liver, 33 g b/ g;og
Class 3 Heterocyclic rR07 : A Table 2. Biological parameters required for OP Pesticide PBPK/PD Models.” c/1iver/Kg of body weight). NC, no convergence
g;n?;il?ifos 8'\E/Itf1t;Iyl 8:|\E/Itf1t;|yl 2 8 gl OC|_2|H5 =g|= C%I;Is ::: Absorption/Distribution: Metabolic rate Biological Response ) Spectral content, 0.8 nmol of P-450/mg of ml.crosomal protel.n.
Jazinon OEthyl O-Ethy] S o) m CH3 =N= | iPropyl | =N= constants, V s, Spectral content, 0.4 nmol of P -450/mg of microsomal protein.
thionazin OEthyl O-Ethyl S O H =N= H H =N= : . o 0 . . . .
- - Sla}f??mtes“nal Tract, Ko IV Ex am p l es 0 f‘Pr e dl‘ Ctiv e OP Q S AR 1. The predictive value of QSAR equations for supporting the development of OP PBPK/PD models is highly dependent on
([ .
Respiratory Tract: Blood/air P-450 reactions LDs, oral, dermal quahty data.
Blood/saline Hydrolases ICs, inhibition of ‘B’ esterases hd . T : T ;
A A . Skin: Skin/Blood Transferases Rate constants: inhibition, aging Table 4 E q uations 2. Our QSAR and PBPK/PD modeling tests indicate that the quality of the existing data needs to be improved through the
. bS or, pl‘lon Skin/vehicle and spontaneous reactivation and development of standardized protocols.
A . — _ Zﬁ?ﬁ;emeabﬂity Vgxi/i:}k . syilthes1S of ‘B’ Table 4. Desulfuration (P=S to P=0) of Chlorpyrifos, Isofenphos and Azinphosmethyl to A. Metabolic constants, V., and K, values: Table 6 gives the combined V., K,, data of 3. This review supports studies to obtain:
§ astrointestinal Tract. First HMOYL/Ke O csterases. their respective oxons by Rat/or Mouse Liver P-450 isozymes. . . e . . e ) : : : ' - e ] .
S S S S S I(éonsm/nts’ Ky, cm/hr Body weight T — ﬂLe COIirl.espondlng cllfalt{cyl p ultropglinyl phospha:los frolrln a ?enis of dlecllll(clyl E rlnt}rloph}elHYI Pgrlos » Skin permeation constants (K,,, cm/h) for pesticides coming in contact with skin.
Pp-vapor/sc y max: m
1 " - Ko tiguiarse Ko, in pM Enzymes Source” | pmol/ivkg | Ku uM | "FE M | Reference(s) DO o T i (oA ROSDRatEg oM « Water/skin partition coefficient data for pesticides in water that come in contact with skin.
(h™) of pesticides from the gastroin- Kp-neatise " of bw” phenyl-substituted diethylphosphorothioates by rabbit liver microsomes. , N . - : :
testinal tract are usually estimated K, oo Chlorpyrifos » Tissue/blood partition coefficients for parent pesticides and their metabolites.
] . : R . Ma and ° : . S . -
from gavage data using a pharmacoki- F{:llsssslllzfl)slo ;Féssue/alr D450 mix Rat Liver 125 . 13 Chambors. Table 6 Metabolic parameters (i.e., V.« and K,,,) for parent pesticides and their metabolites.
netic model. Timchalk et al. (2002) Tissue/saline Tanlgg‘?al aoie
. o P-450 mix Rat Liver 94.0 6.1 15.4 & & 8L T M
modeled the oral absorption (gavage) Blancato et al. (2000) _2001 QS ARIS R f
of Chlorpyrlfos uSlng a two_compart_ P-450 mix Rat Liver 80 2.867 287 Tl;{ld;:(l)l(l)(zet Table 6. ( SCIVISION , e erences
= : ; 1K ot - Alkyl Voo Ko :
ment model describing absorption e e o Kot ot (ol 20 it g prowein) Mx10) cademoph tess e Andersen ME, Clewell HJ, Gargas ML, Smith FA, Reitz RH (1987) Toxicol Menczel E, Bucks D, Maibach H, Wester R (1983) Arch Dermatol R
. . . . ' , Knaak et al., : 2 - . ersen , Clewe , Gargas , Smi , Reitz 0X1CO enczel E, Bucks D, Maibach H, Wester ch Dermatol Res
from the stomach (KaS, h") and the intestinal tract (Kal, the permeation coefficient K, (cm/h), are preferred parameters for P450 mix Rat Liver 716 a1 ! 1993 Eﬁﬁ%‘iﬁiﬁﬁﬁﬁm .01 023 useCmionaghiain the Ayl Hninineggl] Sl AlD. 275:403-406.
- . . 1 1 1 - Azinph thyl ' ' -
h™!). Dietary uptake was modeled by Timchalk et al. (2002) as use in PBPK/PD models over .frac‘uonal or percent absorption val ZINPAOSCIY —— T grclpifl }jgigg ggﬁ ; Vimax and K, equa Atterberry TT, Burnett WT, Chambers JE (1997) Toxicol Appl Pharmacol 147: Murphy JE, Janszen DB, Gargas ML (1995) J Appl Toxicol 15:147-152.
: 5 P450 mi . 182.2 37.5 4.9 . u . . . : :
a zero-order process based on the equations used to describe ues. K;, (cm/h) can be determined from the measurement of flux . e Liver Minor, 1987 e tions involving three 411-418. Murray M, Butler AM (1994) Chem Res Toxicol 7: 792-799.
inki according to following rate equation: Male rats were used. Substituent” descriptors [(Volume Blancato JN, Knaak JB, Power F (2000), Abstract 3F-09, Tenth Annual : : :
upt:c;ke frorln ldnril-klng water (Andersen et al" 1987 and o Literature values couverted to umol/h/kg of body weight (47.5 mg of microsomal protein/g liver, 33 g p-NO, (ethyl parathion) 15.94+1173 31.8+17.5 Xp 10 and SdO) an Ci Meeting of the International Society of Exposure Analysis. Monterey, CA, Nigg HN, Knaak JB (2000) Rev Environ Contam Toxicol 163: 29-112.
Corley et al., 1994). Flux = Dk,,C/1 = KpC C/lggrf/)lé/gpojf bOiT R m-NO, 15.63+0141 20.2+2/8 November 24-27, 2000. Norman BJ, Poore RE, Neal RA (1974) Biochem Pharmacol 23:1733-1744.
. : : : s : model. m-CF; 7.94+0137 4324712 (ABSQ, SsCH3 and :
: : ® B : - » Unsubstituted 9.04+0.18 24,4422 ' s Bl=TE Reifenrath WG, Hawkins GS, Kurtz MS (1991) J Pharm Sci 80:526-532
Considerable blood/air partition data (g/cm”), | 1s the thickness of the path length (cm), k, is the partition : - : m-CH, 8.53+0.34 69.329.0 training sets were well RPN N e o ’ ’ : :
was found in the literature pertaining coefficient of the chemical in skin (unitless), D is the diffusion coef- The number and/or the quality of the values given in the Tables are insuffi- p-CH, 7.23+0.53 68.9413.8 e by o i TN (O 0y oo dPA CRIPC o omst | Sultatos LG, Kim B, Woods L (1990) Toxicol Appl Pharmacol 103:52-55.
i i - : : o : cient to generate a QSAR equation for predicting V .., K, values for the 31 OPs p-OCH, 7.78+0.40 31.6+6.3 ) : Dary CC , E J Furtaw, J N Blancato, J B Knaak and C G Saint (1999) The . : -
‘Fo tlhe 1slptakelof Vodlaltﬂ?l orga]rjnc chem ficient (sz /h), and K., is the permeability constant (cm/h) (Mattie et o gt : thQ : q o PR dg . ];Iiax, 1m e K g V= 005122 Volume 1 18.63* 5p10+ 0.279% 540 + 15,9665 regression equations Toxicologist, Volume 48, Number 1.5, 138-139, 1999, Sultatos LG, Minor LD (1987) Toxicol Appl Pharmacol 90:227-234.
: : s : . of interest using the rat or mouse data. Reproducible values (i.e. or 7_ 11 Fo dat _ L i i i
R e e al. 1994). Dividing the absorbed dose by the applied dose and multi- S o 2P e R —098Ln-1L7 =82 Cross valdation 358 = 1044 and are statistically Jarabek AM (1995) Toxicol. Lett 79:171-184. Tang;do(iao[)x RKZG %]’)Bnmﬁze;qlﬁ’ B&D’ R T
posed for the uptake of chemicals in : : : : : the P-450 catalyzed oxidative hydrolysis of the OPs and the hydrolysis of their K, = =56.63% ABSQ +24.1955CH, +2.2227 5sF +40.3213 P : UL B3 Bl DI ROs el ol
significant. Cross-vali-
plying by 100 determine fractional or percent absorption. Despite the : , : . . L —0.9522,n= 11, F = 46.48 g Jepson GW, Hoover DK, Black RK, McCafferty JD, Mahle DA, Gearhart JM T T N W Ty
acrosols (water droplets). The models : . : toxic oxons by 'A-esterases' were not found in the literature for building QSAR - - dati howed that th (1994) Fundam Appl Toxicol 22:519-524 imchalk C, Nolan RJ, Mendrala, AL, Dittenber DA, Brzak KA, Mattsson
are complex dealine with the impinee large number of percutaneous absorption studies conducted with OP : for the 31 OP e IO (o S R ation showed that the u pp : . (2002) Toxicol Sci 66: 34-53.
= N . . . " . . A 10N T X “Value s are the means +SD. . .
P & PINg pesticides, very little information is available on their maximum rate cquations for the > constructed V max Kagagi, T., Miyakado, M., Takayama, C. and Tanaka, S. (1995) ACS Wallace KB, Dargan JE (1987) Toxicol Appl Pharmacol 90: 235-242.

ment of the droplets in the respiratory
tract with small droplets being deposit-
ed deeper in the lung. The models have not been generally
applied to pesticides. The low volatility of OP pesticides
was considered to be the primary limiting factor for obtain-
ing relevant partition coefficient data.

Symposium Series 606, ACS, Washington, DC, Chapter 4, 49-61.

No V,.x K, values were found for children of varying ages, however, the model (P=S to P=0)

might be used to predict the value of V., outside the ‘training set.” However, cross-valida-

of penetration (Jflux, ug/cm?/h) or permeability (K,, cm/h).
Provisional estimates of K, have been obtained by QSAR (Dary et al.,
1998) as adapted from the equation of Potts and Guy (1992):

Log K, (cm/hr) =-2.72 + 0.71 Log Py) - 0.0061 MW

Knaak JB, Al-Bayati MA, Raabe OG (1995) Toxicol Lett 79:87-98. Wilson JD, Cibulas W, Murray E (1995) Toxicol Lett 75:1-2.

: . Wolcott RM, Neal RA (1972) Toxicol Appl Pharmacol 22: 676-683.
. . . . Knaak JB, Al-Bayati MA, Raabe OG, Blancato JN (1993) Toxicol Appl
tion was not possible with the K, model, and therefore predicting values of K, may be Pharmacol 120: 106.113. Wolcott RM, Vaughn WK, Neal RA (1972) Toxicol Appl Pharmacol 22:213-

problematic. Table 7 gives the predicted rabbit liver V., values (P=S to P=0) for OPs of : 220.

Ma T, Chambers JE (1994) Food Chem Toxicol 32: 763-767.
Mason HJ, Waine E, Stevenson A, Wilson HK (1993) Human and oo Ll UL 1) szl Rt O 21 SRlel (¢

Experimental Toxicology 12:497-503.

Mattie DR, Bates GD, Jepson GW, Fisher JW, McDougal, JN (1994) Toxicol.
Appl Pharmacol. 22: 51-57.

development of functional P-450 activity is viewed as being limited in newborns,
but increasing in the first year of life to levels in toddlers and older children that
generally exceed adult capacity (Cresteil, 1998).

interest with the value for parathion at the top and chlorpyrifos at the bottom. The value for

Isofenphos appeared somewhat in the middle of Table 7

n=2389, r=0.817, r* = 0.667, s = 0.748
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